| INTRODUC TI ON
Systemic sclerosis (SSc) is a complex connective tissue disorder characterized by thickening of the skin and internal organ involvement.
1
The extent and degree of skin thickness are useful surrogate markers of SSc disease activity. Previous studies demonstrated associations between more extensive skin involvement and severe organ damage, disability, and poor prognosis. [2] [3] [4] Notably, previous research showed that patients with rapid skin thickness progression were at increased risk of mortality and renal crisis. 5 By contrast, amelioration of skin thickening is associated with a favorable outcome and improved survival. 6 Therefore, precise evaluation of skin thickness in patients with SSc is essential for both routine practice and clinical
research.
The most widely used tool for the assessment of skin thickening in SSc is the modified Rodnan skin score (mRSS). Multiple previous studies have validated the mRSS, and confirmed that it is both feasible and sensitive to changes comparable with other skin measurement tools. 7, 8 In addition, lack of mRSS improvement was significantly associated with higher mortality, suggesting that mRSS precisely predicts disease activity and prognosis. The aim of the present study was to investigate the impact of the new EUSTAR 2-phase mRSS training program on mRSS accuracy in physicians from South Korea.
| ME THODS

| Patients
Eight SSc patients (4 diffuse, and 4 limited) who had been regularly followed up at Seoul National University Hospital due to SSc were included in the present study. All included patients showed the skin thickening of fingers of both hands extending proximal to metacarpophalangeal joints at the time of diagnosis, and therefore fulfilled Table S1 .
| Participating physicians
Ten trainees from nine tertiary referral centers in South Korea were included in this study and participated in this training program.
The demographic and professional characteristics of the trainees are presented in Table 1 . Briefly, four were clinical fellows and six were professors in rheumatology. These two groups had comparable experiences with mRSS. Four (66.7%) professors and 2 (50.0%) fellows had performed mRSS <10 times. Three physicians (2 fellows and 1 professor) had no previous experience of mRSS. However, the number of SSc patients managed in the clinical setting tended to be higher in the professor subgroup. The study was approved by the reduction in the difference from the gold-standard score (adjusted β = −2.15; −5.84 to 1.55). Effect of training was prominent in fellows whereas professors showed an increase in the difference from gold-standard score after training (P value for interaction <0.001). The intraclass correlation coefficient for physician skin scores was acceptable. However, no significant change was observed after training. 
Conclusion
| Training program and skin scoring
The EUSTAR training course was held in a conference center in 
| Gold-standard mRSS
One day prior to training, the senior instructor (MMC) had performed mRSS in all eight patients. These were considered the goldstandard scores. The 10 physicians and eight patients were blind to these scores throughout the training program.
| Evaluation for mRSS accuracy of participating physicians
The 10 physicians performed mRSS in the eight patients at three The physician then moved to the next room and examined another patient, and continued until all eight patients had been assessed. At each of the three time-points, the patients were assessed in a fixed, predetermined order. However, a different patient was assessed 1st
at each time-point.
Accuracy of skin scoring was defined as the difference between the skin score of a patient measured by each physician and the gold-standard skin score of the corresponding patient (skin score measured by physician − gold-standard skin score). The primary outcome was the change in scoring accuracy after each training step.
In addition, since a change in skin score could be attributable to a measurement error, a sensitivity analysis was performed in which achievement of successful training (defined as difference from the gold-standard score within ±5 units) was used as a dichotomous outcome. 
| Statistical analysis
A linear mixed model was used to estimate the effect of each training step, with patients and physicians included as random effects.
Autoregressive correlation structure was based on the outcome correlation matrix. Fitness of the model was estimated using the Akaike information criterion (AIC). In addition, analyses were performed to Inter-observer reliability of mRSS was assessed using an intraclass correlation coefficient (ICC). Change in inter-observer reliability for mRSS over the course of the training program, and the statistical significance thereof, were analyzed using ICC Z statistics.
14 All statistical analyses were performed using the SPSS V.20.0 software (SPSS Inc, Chicago, IL, USA). A P value of <0.05 was considered statistically significant.
| RE SULTS
| Crude estimation of mRSS accuracy
Before training, mean (SD) of the difference between the skin scores of all patients measured by each participating physician and the gold-standard skin score of the corresponding patient was 7.7 (9.5).
The values calculated after the video session and the live demonstration were 5.7 (8.2) and 6.6 (6.6), respectively, all of which were numerically lower than the baseline value. Physician scores for each patient, and the respective difference from the gold standard, are presented in Figure 1 .
| Effect of training on mRSS accuracy
In the univariable analysis, the video session was associated with a significant decrease in the difference between physician skin scores and the respective gold standard (β = −1.96; 95% CI: −3.83 to −0.10; P = 0.039). However, there was no additional enhancement in the accuracy of skin scoring after the live demonstration (β = 0.85; 95%
CI: −1.01 to 2.71; P = 0.369).
The training effect significantly differed according to physician's professional seniority (P value for interaction <0.001).
Before training, the skin scores of professors were closer to the Table S2 .
The multivariable analysis where clinical factors which have relevant association with the outcome also showed that completion of training was associated with a significant reduction in the difference from the gold-standard score (adjusted β = −7.61; 95% CI: −11.91 to −3.32; P = 0.001). The overall training effect was mainly attributable to the video session (adjusted β = −5.47; 95% CI: −9.16 to −1.78; P = 0.004). By contrast, the live demonstration was associated with a slight, and non-significant, decrease in the difference from the gold-standard score (adjusted β = −2.15; 95% CI: −5.84 to 1.55; P = 0.253; Table 2 ). Effect of training was more prominent in fellows than in professors, as with the result in the univariable analysis ( Figure 2 ). 
| Effect of training on inter-observer reliability
| Sensitivity analysis
Before training, 25% of mRSS fulfilled the criteria for 'successful training'.
After the video session, this increased to 45.0% (P = 0.008). However, no further improvement was observed after the live demonstration Table 3 ). The OR and significance levels for other covariates are presented in Table S3 .
Since previous research into the role of mRSS in predicting disease activity focused on patients with diffuse SSc, modelling was repeated following the exclusion of patients with limited SSc. In this subgroup analysis, completion of training was associated with a significant reduction in the difference from the gold-standard score (adjusted β = −5.63; 95% CI: −10.29 to −0.96; P = 0.018; Table S4 ). In addition, since the patient used in the live demonstration by the senior instructor was 1 of the subjects for physician's skin scoring, effect of TA B L E 2 Effect of the training program on modified Rodnan skin scoring accuracy F I G U R E 2 Impact of training on modified Rodnan Skin Score (mRSS) accuracy according to the physician's professional seniority (A: fellow, B: professor) and patient's disease subtype. *Significant change (P < 0.05) compared with the difference from the gold-standard skin score before training training was re-evaluated after excluding the patient. The result was not changed as compared with that in the original analysis, although an estimated difference from the gold-standard skin score after training was decreased (adjusted β = −3.99; 95% CI: −7.71 to −0.26) (Table S5 ).
| D ISCUSS I ON
Besides its application as a primary outcome in numerous SSc clinical trials, mRSS has been used as a surrogate marker of disease activity in patients with SSc in the real-world setting. 15 Therefore, precise evaluation of mRSS is essential for both the development of novel drugs, and the appropriate clinical management of SSc patients. To our knowledge, the present study is the first to investigate the efficacy of the new EUSTAR 2-phase mRSS training program in terms of improving mRSS accuracy.
In the present study, the video session significantly enhanced the accuracy of skin scoring. Before training, skin scores were generally higher than the gold standard, but decreased after the video session.
This may have been attributable to an improved ability to differentiate atrophic skin from skin thickening, given that positive effect of training was greater in skin scoring of patients with longer disease duration. 16 By contrast, no significant additional enhancement of scoring accuracy was observed after the live demonstration. This suggests that a more intensive live demonstration, comprising more patient models, more time, and direct hands-on exercises, may be required to enhance mRSS accuracy. Alternatively, the video session may have had a higher impact due to the fact that it was the first training step.
Ideally, an investigation should be performed to determine the impact of the order in which the video session and live demonstration are presented. Nevertheless, our results demonstrated that the proposed 2-phase EUSTAR program improved mRSS accuracy.
As in previous reports, although the ICC for mRSS was acceptable at all three time-points, no enhancement was observed secondary to training. 11 This indicates that the training effect among participants differed. Although the present study did not analyze intra-observer reliability, this result supports the previous recommendation that, in clinical trials, a single assessor should be responsible for all skin scoring. 12 In addition, a previous study showed that repeated training does not improve inter-observer reliability. 17 The present analyses showed that mRSS accuracy, and changes therein across the training program were influenced by numerous clinical factors. In particular, interesting findings were obtained with respect to physician's professional seniority. Professors were more experienced in mRSS than clinical fellows, and therefore showed more precise skin scoring before training. However, paradoxically, the difference from the gold-standard score in this group increased after each training step. This may have been attributable to difficulties in substituting new rules for established knowledge.
A previous study also showed diversity in mRSS accuracy among leading experts following training, and suggested that experienced rheumatologists had difficulties in adapting to the new method of skin scoring.
11 By contrast, relatively inexperienced clinical fellows adapted rapidly to the new skin scoring technique (learning curve effect). This result also suggests that, if possible, mRSS training should be offered to physicians at an early stage of their medical career. However, it is also possible that physicians with extensive experience in skin scoring require a different training approach. To our knowledge, no research data are available concerning optimal training strategies for physicians of different professional grades.
It is also interesting that educational effect was more prominent in scoring of patients with limited subtype. Before the training, differences between physician skin scores and the respective gold standard in this subgroup was numerically greater than that calculated from the measurements of patients with diffuse subgroup. This result suggests that educational effect of the training was mainly mediated by the improved discrimination of the "normal" skin.
The present study had several limitations. First, some participating patients had a long disease history and tended to have low mRSS scores.
Therefore, it is likely that a substantial proportion of their anatomical examinations in this study and it gave a significant discomfort to them.
In this study, the master instructor performed the skin scoring of the patients only once prior to the training, and the score was defined as the gold-standard. However, skin thickness of the patients could be changed during the training program due to the daily variation of the skin edema component. Although the proportion of skin edema in participating patients could be low considering their disease duration, it could be a bias in assessing the accuracy of skin scoring. Finally, the present study was unable to assess how long the effect of training was retained. Studies involving longitudinal assessment of mRSS accuracy following training are therefore warranted to determine the interval at which training should be repeated.
In conclusion, the present study demonstrated that participation in the new 2-phase EUSTAR mRSS training program significantly improved the accuracy of skin scoring in patients with SSc.
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